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This invention relates to hydraulically controlled speed change apparatus. 
The invention provides a hydraulically controlled 

speed change apparatus which includes a longitudinally 
Inovable gear carrying shaft having each of its ends ar 
ranged to be acted upon directly by the hydraulic fluid 
thereby longitudinally to move said shaft. 
The invention also provides a hydraulically controlled 

speed change apparatus which includes a gear carrying 
shaft longitudinally movable in its bearings and having 
each cf its ends arranged within a hydraulic chamber 
whereby said ends can be acted upon directly by the hy 
draulic fluid thereby longitudinally to move said shaft. 

Further the invention provides a hydraulically con 
troiled speed change apparatus which comprises a gear 
carrying shaft longitudinally movable in its bearings, 
hydraulic chambers into each of which an end of said 
shaft projects and a hydraulic fluid control valve by 
means of which hydraulic fluid can selectively be fed to 
E. hydraulic chambers thereby selectively to move said 
shaft. 

Further features and advantages of the invention will 
become apparent from the following description, given 
by Way of example only, of one particular embodiment 
thereof which is shown in the accompanying drawings, 
in which: - 

Figure 1 shows in part a section and in part an eleva 
tion of a change Speed gear box according to the inven 
tion having two hydraulically operated sliding shafts, the 
hydraulic circuit being shown diagramatically; 

Figure 2 is a section, on a larger scale, of a detail of Fig. 1; 
Figure 3 is a similar section to Figure 2, with the slid 

ing shaft in a different position; 
Figure 4 is a section along the line IV-V of Figure 

3, and 
Figures 5 and 6 show on a larger scale the safety men 

bers represented in Figure 1. 
Referring to Figure 1, the change speed gear box 1, 

comprises a driving or input shaft 2, a driven or output 
shaft 3, and two slidable lay shafts 4. These two lay 
shafts are mounted in an exactly similar fashion so only 
one is shown in the drawing. ". 
The input and output shafts 2 and 3 are mounted in any 

suitable manner for example, by means of ball or roller 
bearings 5 and 6. The lay shaft 4 is rotatable in two 
plain bearings 7 and 8 which are fixed in the wall of the 
casing of the change speed gear box i. 
The two bearings 7 and 8 are identical and have a 

special inner shape. Referring to Figure 2 in the bore of 
the bearing 7 there is provided an annular chamber or 
groove if into which several longitudinal grooves 2, 
open the other ends of these grooves opening into the 
interior of the gear box. The shape of the annular 
groove and of the grooves 12 is not critical as they 
are only passages for the pressure fluid which is for ex 
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ample oil. For the same reason any number of grooves 
i2 may be provided. 
The bearing 7 projects through the casing of the gear 

box and serves to centre on shaft 4 a control cylinder 13, 
which is attached to a machine part of the outer Surface 
of the casing and is provided with a pipe 14 for the ad 
mission or exhaust of the pressure fluid. The end of the 
cylinder 3 has a machined surface 15 designed to serve 
as an end abutinent for the shaft 4 the other end of which 
is adapted to abut on a similar end abutment of an 
identical cylinder 13' when shaft 4 is moved to the right in 
Fig. 1. 
The arrangement is such that, when the lay shaft 4 

abuts on the end abutment of cylinder 13 (as shown in 
Figure 1), the gear wheel 17 fast on this lay shaft 4 is in 
inesh with the gear pinion 8 fast on the input shaft 2. 
When the shaft 4 abuts on the end abutment of cylinder 
S3, the pinion 21 fast on the lay shaft 4 is in mesh 
with the gear wheel 22 which is fast on the driving shaft 
2. In this position of the shaft 4 (Fig. 3), the left end 
thereof is clear of the annular groove 11 of the bearing 7, 
whereby the oil under pressure in the cylinder 3 can 
pass the end of the shaft 4 into the longitudinal grooves 
22, lubricating, in passing, the shaft 4, and then passes 
into the casing of the change Speed gear box. 
The other lay shaft of the change speed gear box can 

likewise side longitudinally under the pressure of the oil 
which can be fed selectively into cylinders 23, 23, 
(Fig. 1). 
The supply of oil under pressure to the cylinders can 

be effected by any suitable system such as that illustrated 
diagrammatically in Fig. 1. The system comprises a dis 
tributor having a rotor 25 adapted to assume, in the in 
terior of a stator 26, four positions at right angles to one 
another corresponding to the supply of oil under pres 
sure to the two pairs of cylinders 13, 13'-23,23. A 
central oil admission port in the rotor 25, is connected 
through a cock 27, and a pipe 28 to a pump 29, thence 
to an oil container 32. A relief valve is indicated at 33 
which has a return pipe 34 to the oil container 32. 
The stator 26 of the distributor is provided with a con 

duit 35 leading back to the oil container 32. It will be 
seen that, in the position of the rotor 25 illustrated in 
Fig. 1, the oil under pressure will be admitted into the 
cylinder 3' and 23 while the cylinders 13 and 23' are 
connected to the oil container 32 by their respective 
conduits through the stator 26 and the common return 
conduit 35. The casing of the change speed gear box 
is likewise connected to the oil container 32 by a return 
conduit 36. 

In place of the distributor 25-26 illustrated, any other 
suitable type of distributor could be used. - 

Provision is also made for a signalling and/or safety 
device to indicate the moment when the shaft, which has 
been moved, has reached the end of its stroke, and to 
prevent the gear box from operating while the shaft is 
still moving. For this purpose each control cylinder Such 
as 13 is connected by a conduit .3a to an indicating de 
vice which has an indicating piston 37 Fig. 5. All the in 
dicator pistons are arranged in a row on a common Sup 
port 38 on top of which a plate 39 is arranged which is 
capable of oscillating about a fixed axis 42, Figs, 5 and 
6, when any one of the indicator pistons 37 is raised by 
the oil pressure against the bias of a return Spring 43. 
Two stops 44 limit the upward movement of the plate 39. 
Above the plate 39 a circuit breaker 45 is arranged 
which can, for example, be a snap-action micro-switch 
the plunger of which is adapted to be actuated by the 
plate 39 when the latter rises due to the upward move 
ment of any one of the indicator pistons 37. The circuit 
breaker 45 is adapted to control the circuit of a visual 
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or acoustic indicating device which may be for example, 
a simple warning lamp. It may also control a safety 
control device. 
The operation of the hydraulically controlled gear box 

is as follows: re 
Assuming all the members to be in the positions they 

occupy in Fig. 1, it is then desired to put the pinion 2E 
carried by the shaft 4 into mesh with the gear. Wheel 22 
without altering the position of the second lay shaft. For 
this purpose the rotor 25 of the distributor is turned one 
quarter turn in a clockwise direction with respect to Fig. 
1, and a cock 27 is opened. The oil under pressure from 
the pump 29 passes through pipe 28, cock 27, rotor 2S 
of the distributor and the conduit 14 and enters into the 
cylinder 13, Figs. 1 and 2. The oil forces the shaft 4 
towards the right, Fig. 1, until the end of the shaft is clear 
of the groove 11 in the bearing 7, Fig. 3, and its other 
end abuts the end abutment of the opposite cylinder 13. 
The oil under pressure admitted into the cylinder 13 then 
passes into the groove 11, through the longitudinal 
grooves 12 of the bearing 7, thereby lubricating the shaft 
4, and is then discharged into the casing i of the change 
speed gear box. The pinion 25 has now been brought 
into mesh with the gear wheel 22. During the shifting 
of the shaft 4 the oil contained in the cylinder 13' has 
been expelled through the conduit 14 and the stator 26 
of the distributor and then through a conduit 35, thereby 
returning to the oil container 32. 
As soon as oil under pressure is admitted into any one 

control cylinder, for example the cylinder 3, the oil 
pressure is transmitted through the conduit 13a to the 
corresponding indicator piston 37 which raises the plate 
39, thereby actuating the circuit breaker 45. During 
all the time the shaft 4 is moved by the oil under pres 
sure in the cylinder 13 the corresponding indicator piston 
37 is kept raised, Fig. 6, but as soon as the shaft 4 has 
reached the end of its stroke, the oil flows freely through 
annular groove 11 and grooves 12 into the casing of the 
change speed gear box, and the pressure drops abruptly 
in the cylinder 13 as well as in the conduit .3a so that 
the corresponding indicator piston 37 drops back under 
the action of its return spring 43. 

Consequently, whenever one of the lay shafts is being 
moved, the circuit breaker 45 is actuated and the warning 
and/or controlling device is actuated. 

In order to move the shaft 4 towards the left, that is, 
to restore it to its original position, oil must be fed to 
the cylinder 13' in the same manner as the cylinder 13 
had been fed previously. To accomplish this the rotor 
25 must be turned to the position illustrated in Fig. 1 so 
that oil contained in the cylinder 13 will then return to 
the oil container through the conduit 4, the distributor 
26 and the conduit 35. 

Similarly by turning the rotor 25 to the appropriate 
position the two other cylinders 23, 23’ may be operated. 

For each of the four angular positions of the rotor 25 
one cylinder in each lay shaft is put under pressure and 
the opposite cylinders are connected to the oil container. 
Thus four combinations in the positions of the two lay 
shafts are possible, the lay shafts being locked in any 
one of the positions selected. 

In the preceding description it has been assumed that 
one end of the shaft 4 engages the end abutment of the 
cylinder 3 or 13'. It would be possible to dispense with 
Such a mechanical abutment by applying a counter pres 
Sure to the cylinder being exhausted. The dimensions 
of the annular passage between the shaft 4 and the 
bearing 7 are calculated such that the said shaft 4 is held 
between two liquid cushions without mechanical abut 
ment. 
For this purpose the hydraulic system instead of op 

erating on an open circuit as has been described, would 
Operate on a closed circuit system, the common return 
pipe 35 being connected by pipe 52 to the intake side of 
the pump 29, this pipe 51 including valve 53. Valves 
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55 and 57 respectively connected in the Suction line to 
the pump 29 and in the return line 35 would be closed 
to establish the circuit through pipes 35, 51 and 28, valve 
59 in pipe 36 being closed and valve 53 being open. The 
valves 55 and 57 may be opened and valve 53 closed when 
it is desired to draw the oil from the container 32 for 
delivery to the distributor and to return the oil to the 
container 32. 
The invention is not limited to the embodiments de 

scribed and illustrated which have been given by way of 
example, but is capable of modifications depending upon 
the uses contemplated for it, without departing from the 
scope of the invention as defined by the appended claims. 

For example, the structure of the control cylinders, the 
distributor, the indicator and signating apparatus could 
be constructed in a different manner to that illustrated; 
also the plain bearing of the shaft 4 could be replaced 
by a cylindrical roller bearing or by a needle bearing 
which would still allow axial displacement of the shaft. 

claim: 
1. Hydraulically controlled speed change apparatus 

which comprises a shaft, means for supporting said shaft 
for rotation thereof on its axis and for movement thereof 
parallel to its axis between two predetermined axially 
spaced positions of said shaft, a gear mounted on said 
shaft for rotation therewith and for movement with said 
shaft parallel to said axis of said shaft between two trans 
mission positions of said gear corresponding to said pre 
determined positions of said shaft, and means providing 
fluid pressure chambers adjacent the respective ends of 
said shaft in fluid pressure communication with surfaces 
of said shaft transverse to said axis of said shaft and dis 
posed adjacent said respective ends of said shaft, said 
fluid pressure chamber means cooperating with said shaft 
supporting means to confine fluid pressure respectively 
on a given transverse surface and on the other transverse 
surface of said shaft for effecting movement of said shaft 
and gear parallel to said axis of said shaft to a selected 
one of Said trainSinission positions and to the other 
transmission position of said gear upon development of 
fluid pressure in the fluid pressure chambers communi 
cating respectively with said given and said other trans 
verse surfaces of said shaft. 

2. Hydraulically controlled speed change apparatus 
as defined in claim which comprises means for limiting 
the movement of said shaft parallel to the axis thereof 
for determining said two predetermined positions of said 
shaft and said transmission positions of said gear. 

3. Hydraulically controlled speed change apparatus as 
defined in claim 1 which comprises selector means op 
erable to two positions, fluid pressure conduits connected 
between said selector means and said chambers for sup 
plying fluid under pressure to said chambers to effect 
movement of said shaft and said gear parallel to the axis 
of said shaft selectively to said selected transmission posi. 
tion and to said other transmission position of said gear 
upon operation of said selector means respectively to said 
two positions thereof. 

4. Hydraulically controlled speed change apparatus as 
defined in claim 1 in which said means for supporting 
said shaft comprises bearings supporting said shaft adja 
Inent the respective ends of said shaft and in bearing 
relation to the circumferential surface of said shaft to 
provide for said rotation and said axial movements of said 
shaft, each of said bearings providing a channel extend 
ing along said shaft parallel to the axis thereof and pro 
viding an opening communicating with said channel into 
which opening the adjacent end of said shaft enters to 
close said opening upon movement of said shaft in the 
direction toward said bearing from said other bearing so 
as to control flow of fluid under pressure between the ad 
jacent fluid pressure chamber and said channel of said 
bearing. 

5. Hydraulically controlled speed change apparatus as 
defined in claim 4 in which said bearings each have an 
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annular groove surrounding said shaft and communicat 
ing with said channel, said bearings each having a portion 
engaging said circumferential surface of said shaft to close 
said opening when said shaft is disposed in said opening 
upon said movement of said shaft toward said end there 
of, said opening being uncovered by said shaft upon 
movement of said shaft toward said other end thereof to 
a position with its circumferential surface out of engage 
ment with said portion so as to establish communication 
between the adjacent fluid pressure chamber and said 
annular groove and said channel. 

6. Hydraulically controlled speed change apparatus as 
defined in claim 1 which comprises an abutment disposed 
within each fluid pressure chamber for engaging the end 
of said shaft adjacent said chamber for limiting the move 
ment of said shaft in the direction toward said chamber. 

7. Hydraulically controlled speed change apparatus as 
defined in claim 1 which comprises means for developing 
in said fluid pressure chamber adjacent said other trans 
verse Surface of said shaft fluid pressure against said other 2 
transverse Surface of said shaft opposing the pressure on 
said given transverse surface of said shaft for limiting the 
movement of said shaft in the direction from said given 
transverse Surface toward said other transverse surface of 
said shaft. 

8. Hydraulically controlled speed change apparatus 
comprising a plurality of shafts, means for Supporting 
each of Said shafts for rotation thereof on its axis and 
for movement thereof parallel to its axis between two 
predetermined axially spaced positions of said shaft, a 
gear mounted on each shaft for rotation therewith and 
for movement with said shaft parallel to said axis of 
Said shaft between two transmission positions of said gear 
corresponding to said predetermined positions of said 
shaft, means providing fluid pressure chambers adjacent 
the respective ends of each shaft in fluid pressure com 
munication with surfaces of said shaft transverse to said 
axis of Said shaft and disposed adjacent said respective 
ends of said shaft, said fluid pressure chambers of each 
shaft cooperating with the shaft supporting means of said 
shaft to confine fluid pressure respectively on a given trans 
verse Surface and on the other transverse surface of the 
said shaft for effecting movement of said shaft and the 
gear mounted thereon parallel to said axis of said shaft 
to a selected one of said transmission positions and to 
the other transmission position of said gear upon develop 
ment of fluid pressure in the fluid pressure chambers of 
said shaft communicating respectively with said given and 
said other transverse surfaces of said shaft, a source of 
hydraulic fluid, pump means connected to said source 
for Supplying said hydraulic fluid under pressure, hy 
draulic selector means, an inlet on said hydraulic selector 
means and connected to said pump means to receive said 
hydraulic fluid under pressure from said pump means, 
an exhaust outlet on said hydraulic selector means con- 55 2.519,794 
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nected to said source of hydraulic fluid for return of fluid 
to said source, and a plurality of conduits connected be 
tween said hydraulic select: means and the respective 
fluid pressure chambers for delivering said fluid under 
pressure to said fluid pressure chambers adjacent said 
given and said other transverse surfaces of the respective 
shafts and for conveying the hydraulic fluid from the fluid 
pressure chambers adjacent the other and said given trans 
verse surface of the respective shafts to provide for said 
movements of said shafts and said gears respectively 
mounted thereon and return of said fluid to said source, 
Said selector means being operable and said conduits being 
connected thereto so as to effect said movements of said 
shafts in predetermined directions parallel to the axis one 
with respect to the other. 

9. Hydraulically controlled speed change apparatus as 
defined in claim 8 which comprises indicating means re 
spectively connected to said fluid pressure chambers for 
indicating fluid pressure in the respective chambers. 

10. Hydraulically controlled speed change apparatus 
as defined in claim 9 in which each of said indicating 
means comprises a cylinder, a piston disposed within said 
cylinder for movement thereof parallel to the axis of the 
cylinder, a spring connected to said piston for biasing 
said piston to move in said cylinder in a predetermined 
direction parallel to said axis, and conduits connected 
between the respective fluid pressure chambers and said 
cylinders so that said hydraulic fluid under pressure acts 
upon said pistons against the bias of said springs. 

11. Hydraulicaily controlled speed change apparatus 
as defined in claim 10 which comprises an electric switch, 
and means operatively connecting said pistons to said 
switch for actuating said switch upon operation of any 
of said pistons under fluid pressure of the chamber to 
which the cylinder of said indicating means containing 
said piston is connected. 

12. Hydraulically controlled speed change apparatus 
as defined in claim 1 which comprises a conduit con 
nected between said chambers, and means in said conduit 
for effecting delivery through said conduit of fluid under 
pressure to one of said chambers and concomitantly dis 
charge of fluid from the other of said chambers through 
said conduit. 

13. Hydraulically controlled speed change apparatus 
as defined in claim 1 which comprises means connected 
to said fluid pressure chambers for controlling the pres 
sures of the fluid in said chambers so as to provide op 
posing fluid pressures at said ends of said shaft determin 
ing said positions of said shaft. 
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